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Presented ini tis report in A compilaLuo5 of data on the convsciona
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PUBLICATION REJVIEW

This report has been rtviewed and i~s approeed.

FOR THlE COMMANDER:

R. B.. K04MEDY .

Clue', Metas Branch
Materials Laboratory .

WAD. TR 55- 150 Pt 5

-~~~~~~~~7".. 
7. . .--~ A

-~- . .. . .



. %,

zh. r~m 0- S 4

~................................... ...........................

1VAQz syx, (ftpS. . .... . . . ~. .~ . ~ . .

1dJA SSO S7eai).aS S.4A .p~* & .4 . . . ..

17-4" ST&oLsLiss STLILL . .3 .I . .I . 4

19. lax SALwos SM)L (A-SS3).... .... .. . . . . . - '

I1-Z* ALLOT L . Tl .* . . am4

DOLN L -A hI -Z1 AA-S W . . ... . . . .............

&-ALN..MS -9- ALW T . .1 . .

APCFAMC I. k.&-TalAL COMPAAMON C03 V ........... t

ps u. Lis of &xLi.3c . .? . ..... ..... .....

LI OF IALE * .

T.M a. u ml C--caI CaO.saa s ad A2M S01 Smm'." S*.t '.f-& 't vs 3) ........... It

Kqwavm n' I ( &y.aa~. d*C.Urh A4 PVWorm. -4 .'lt 1511 SCU* m..t (400S-4414. vs J4). It

Tabe I 3, L.NM CAOM- .cawq lfa ad 422LU MAm S~~sS W...* .A

TM. A- X~mcsZ Clm C..me.aa. of 117?P1 Sua.. Sa..d tA..1114 3 . . .

To.s m ~ Pata 4R.tw m Ssae..Ao (A a..S5.Z. .* . . . I

Tafte . mm" Cawwol c~aete ad 17..4m S~amksSM ~ . . .4 .- . .............

Tm M #wa Froetm ad 39 UALAAsy UA-SIAS . .M . .

ToMw I&. &mmw bbrtmc J P r~vr~s ad 19- L AD"e tAM&.SW . . .5 ._ . .... .- S

TaM. A L TVK Cb~td. Isa.4 39..9 HaM*.*. J.U~y (AM-SIM) (Ams-139..... .. .... 194

Tinkl IL bmin blOecb .I~ P tw.rt~e. 49 14-IX Attep tA0-&U . . 39.. .4 . .-

. .. . . . . . . . .



LflI OF 7ARLZS

ToI& . Mwnum Mo. bojical Pre~was.. ad 39k-D It"(W- .........

7aWe 14. Typical Cbelftca) Camposfto .1 A-Je Agjr . -

Tsble 1S. Chemsical Co8010"AODa 0C blmgi. a2 CULL44-7714) IA-S"

T.M.@ 1C4.I& RO' TOE""l fs-eyralsto PrvPcrun. ad F-oly Heal-Twyosed Hoo-AsuedhosAmd-ij--

Taoc t 7. p~caJ lm-e~.ra r prrenw ad MMat.1ld ani. Aed4 Isama 1~ f

Yalm. 141. Musa,u LUtchacal Prapert... at Isamm.I -I- tAMhS-S4W) -~-

Tail. 19. Naoma~l Cb. mar . Cuompetiin ad Jiamlot, WIF Ala,, . . Lw...

Lis'! or lL-LUT.AT1ON

Pig..re 1. Tensile Modalso. V.,... T.mo..raf. Se 2034-T* Clad A1onsa Aflmy - - -

rigurv 2. ravoa!. Modues, Vert%* T.m"V%.ruai for 2024..Tll A~ilayo Al . . . a

ave 3. Schematic Dvagtralp OAi~. ~(ldM OptuAA&Uf PoemVas . .-- - -. . , .. s

Figi.-s 4 Teneue Str-mgllm(I,,j.~I o A lk NUard)Stailess 5,al ad 13,a" Tampmmms 00 .*. -

YAre4- Effect 4 Strainu R~t ai the Toviaaa krvisob CF,. ad AWl 301 PLMaIl Lo.4d Smsma

tgue . T..',l Siresgik (Fe.. rqaer.sea sea Parcepat" of R~-e~r.TiSirWMO~a
.%LI )1 (Hall Hord) Sta-ait.. Sairr.l LZ...1drm r.oyeaalat.V

riur* . Do a I s C vrw r o T ram Ile St reA44 (real ad AISI 341 (H41 aU iwm4 Stsmaeso, bue
Llovaled Teumloorsare......... ......... . . . 1.. *

I*li 9. Effect W Strain klov t - T-ards lioi e~ g atk(F) ad eAIM 301 OLsaimAalw Wand

*Figs. 3 0. Tensile Yield Strength (9,r,1 4d AM "I CILaf Har4) Saaus fe.1 Sto W L;emo - . . ee ... *

i" 4.t. 11. Desigan curve for Teasro. Yiid StrealltI (r,.) ad A-l "1 Pi&M115 aa4Ssdhma'lm

Fig.". *2. Ccirpro-va 'i-ld Ntigth Yk y Km:Pqremsad aPercc"Wa ad i Imv ass C~pwom
Yield St.easrb at I 301 (14&d Lt r SLcaea Steol tit Lirsa"e Ta"eaem . . ,

Ft 13reI. Des' ga Cur"~ lo, Cauapae..a.. TiwhM ~Aaee (Irtj nALI -10 P4& (Ma-U.'4 Sila jim-i
Lig. 4. a E.Lrd Tenveratea. .............

14 Zearing Strength (rbt.J of AM 1 M (HallKnael) Satsen Ural as Lkrv*..d Tenvonse~a- --

Fiare 1S. beariag Slveagtb (Fbrusj rupiea&4edo a.PercvmauWa ofu Lm-7~a 4WkW& S.MAgSad
A.ISI 3M1 (Half Hard) St&Aless Sire) ad Ee~vsard TearqwraLore . . .i .- .

S

Fige, 16, Ds. C..., for beer&%1 Sormseth (I7 a' AnI10±1 (HLU mad) *omlw moo
' losald T-m"aasro .

Fiag%&* 17. Donring T~ald Strength (Irb) af AA 30l (Hall Mard) 34MANAWe 810.4 as E&W. TwoustV Vs

rigaj - 18. Dearing Timid Strwugtb ('bryl ELprwssad a a Paetwt&e 4W flAvm-Tewprvm, ae-... Taw
* Stre-hL of AISI 301 N&aU Hard) Staa~am Steel ad Zireszard ran" ... .. .. .....

-. ~d at e- '



.. .......... . . .. . . . . . . . . . . . . . . . . .

L-"Y OF JLtS ILAT 04

I~a * 22-2

4~R . %a...- Ca- e A,&J "IZ iAou hate) Staamter St4
. .~e .e,.rv .

T*0.be~ bta~.. IVJA A= W~ %*&4 I 3.Q S"4s stl " Lieam" Toea..iar-. .. I

tFg*w Zi. T.....i. sve..Se. Coaw bee A= Ir ttbeU ha.rt) $"au asm S~wz am &ami T~vuo~..

r :'4k To.aJw car.*, Ife A.z "1 %Maeu "a") S"sE4054 Steya 'a t r . I...i

Vr~ *A 93q& M'a a WO etbr a**.?bLa C~stWC 44 AM ("41f K&Z4J0 &M&M am

, 4 4W . W-Teaw Ur*-ow V-r-ws tee A= HIk (ta&f Hart) $h-Aae Sal ad 6"0 F .. 3

17..-. . oe-b S.ak ee.-&t- C'aws Set AMC WA. JIWa H-4i) Staaess St** as "0 f .Its18-

r... ia -A, .... W be- &.eem.ft b'ar. Ae Wl Well "Hart ) teel~. a 4.14 r . .. C

Cawo'.'. r.c... bemr Or w'w at L= NI I (Mi V$ ard) ns o te.. ee am "w r ...

1'ge~ 1.. a~rew bwee&e~C'awa Ca AZ MI (Malf Hard) S&akw S.tvwel ad 1401 . . . . 4)p

Its?? I. CVW. St *_4tam SW.. A_- %,L 41 (Half Herd) gtaa.bog . 'aQ &1 4" r 41

11co .5 -..a we-* U lr) % 4. -We 6 PM! 34 (au). NkeeUL*Spl at woe.e Tepc.. ... 4

chaef ow. %IU2 30, (eea.. bee)S&116Ste at low.~e Tt.'aT 44

W,.. )4 17 eweta Lk.. aRA am Uw bqIWn± $a7 ao i r of &ESl 4I Mai '%k bein) ShabA NM

at t . %"? Usiemouv .1 . .~ . .V .u M.4 s. . ... .*4 .: ~.m . . . . . . .

M4j K2.. Nmvu .* bfm~ Bke * atem w hre T b a"
1 7 

dir .5 .e .Fl l. . . . . .. . .. 4

bt f ~ Y .ti .J .P .

q~ ~~~~~ .ee .re . . ..4l.t ha. . ., . .ie.s.t.i.T...au.. . . . . . i * **,s

WVW*~~~~~~~~~~~~~~~~~~~~~~ 46 eaeCt-W6W1.0itTf~f A-qtJ,)s =sk(a a 3sas m

LuwadToIem m. . . . ..

S -q kja t-- * as3" .~v om~



'S Ali

* flivr 4. Wlls~ Curve, fee Ton~i. ir. (l9Pik)j.f d1d aa.SiI &lov LIoo ?i~pratv. *4

rigor. 4%. Teast. 'r..Il S,..gtk (r,,) of 412M Stardeos Shv sA Lltm.. rorimpiutea . .

* 9ig..ro 4C Desk#* Cure fr Tooeield 7114Srength jr,) ad 4.LM sibelss 31wI at EJ~od Toraoraw .. I

rigaro 47. Tolk.ile SreSiagC-re.. fat 40144 34..oea 919*1 at Room Yqvmwe*Aa.,

1 1r#. 46. To-*,I. Ursoo.-Saain C.'.* far 41-M StartAlka Sa**1 be 111--% T#"mptbftt*. . .6

rksurt o. Tomotic Stroo Sdair Cvv.. for 4"W~ Stataies Sk"I 4 so .. PA-IM aoe 1

ftt SO. Ttasto. S'eioo.Sa~oa Curve for 4.'.M Siale.sSte at Roo Tomporus

r iger, St. Totoie. Stropi.-StraiA Cwrewe for 4411A St.vomi.. 3tvel so Reim Toupeoawu" .. . .' .

* Vg.ee %A. Teo.r SelStro.e Cu,i.o fir 42.M 31asotool. 9tee at Room. Tlimporareve %A..

Poga. St. Tortill Stree-Strain Curves lt 422.Mi Sabs.*. Urel at 6.. s a 43.* . .t.. a.

1..v %4. Tess.). &Saro&-Sirain Curvsfe ga 42M Stasi... Steel at Ra#%em peae re~ .. . .~ .. N

Figure %%. Tosastk Strise..Si Curwva far 4..'M Siaaolta Steel A Roomo Temperaion ve.

Itlr $4. Teu*Il. Sir**5.Ltral Core.. far 442M Sitwaio. Steel at Reem Tmeaiou'. . . . 4..

Figure% t. Toostio Steiso-Stata Corwo for 42jb Slasassa, Steal wt Roso T~novaae . . .. . .

IY'grt SP. Tvao,!c Strrrigib (1",. 0 7-?PH (TH 1040) Sateless Steel 40 tlvroted Trropeeoarta . .4 . ._

Figure S9. Kilet ad Sra.. Roe. or M~e Tosl. S'-.t#Rb (-'10)o 11-PT" IITN £*60) Sk.i. a..v
at 11tiei 

T
veretto . .

rksgo to, D.ooij C0.w foJ Tonsii. 1kr rgilk wruj of l?.7PN (711 it%*) kaakw tool s lot L.
*Tomrporsro ... ...

rer it. Toosiile Y@Wl Strarlth (r, 7 y f &M4PH (TN MO5) Stateless 11il.) at £1050004 Tg iii . . 1St '

I'Lgma,. 41, Efieet of 54,.. ato air t. Telalk, Yiil Sarvesgt& (F,,) of IT-?P4 (TN 18SO) koomW"o Slaw
or £i4#"ed Ttmeoraiuo . *

rigo. ~. Z~aig C.-. oe osol Yild trosth ? ~ -of 1 (T1h I050) Sltabsol Stoa

Fagur. 64. Co'viaweev. ytew strompth (r) of 17.1114 (TN 10%0) %&islets 3tw. A Molested T~ooafter, 11

Vrr 4's. 001-s Cot.. fog rpreo Vt.W Ste~fsgtk. (Ti) of 17.1PPI (TN 10%0) Stasoloso Steel
at liamoi*d Tterere ..... ..... . . . . R

r is.e 41, Roareo Seoorgth (rile. of 17-iPi (TN 1050) Skawkesse Steel at Ilortd Tomosfoem . .. .

I'Jours 41r Doo. 1 . Care. lt o*ar-4s lkeouigi (Irlaj.)of1.7 74 64) Stka~oei.. Stool
at Lt. ... o Toe~praterd . .

1-igUrt 6. Nan 4 Yaid SiroogIl (Tb?,) 1f IF44P 171 140) stswos Steel at Zteirootd T~n.

rkgar. oll. Dvk. Cut"r for B.&ruag Yt.14 Siremob (IT) 4W 1-7p (r)4 'Me) Sta"'As. Stoo
at s£iool.4 T*omperer* .. ..... .... . . N

...........



- ---.-. -- - - - M. - -- ,.4

tc~gim**'

(%

r~~~wy~~ 7 Tm..S vy.a& . . . . . .7T ) . 1 .q .4 . ~ . .. . . . . . . @

Fsq r"Aw bfta .,... (K na 17-- Si.P'e (TNl SL& 9O)* h4k b~; OA t 4

Ire 7. C.%wi. w -fta C-lwa Sm-rp t17M 14) ai6lveI %444 k 44 PAwI Twevar-

FCwC e*...._-m-& ay A I7 7p 4 (T If i) -%I%00*.. & 6". Or 4.3 . 3.. . 7

rmww Vt fz. k4- wst. crws CZ .. - W (14 IG) 6 41%46 $400 at ON 9

1.wet"71 Tc.L ; St m",tr*,, u~w Cmi.. 17m.P J7-.WI 1A te&%Akt 9** #A1DI

~ T.m. ~ at 977T -.H T 10%) k aa %.. o 314. QA * 0,01 '~ esorA

Eq.w,. 7. C~m Cm..& Sm eSco C (Fw )--~Pi T G ') 9mtmb.

LLI

FIdq 61 - TeOMli C-u.* 6-idA~,. 0'..P3 d(Th )mI)S ?Ahkki S4 Iw 6d TF . . . . . . 0i

Tqx 9.Fq ACV". L-' C4mmmm.=. w Sa t 47-IPU. (T?.P I (o $ 14b* S&bm- t . I

maww & .w~ L..i'~ c- -c0--a -m(HIos) 0V --- - - -- -- -- I

Fq~iw m 84. C-v--. moha F... .4 £M-.-.m somal s. ow (sat~ b..'4* *m4wv-1 7xg*

Irugm 117. De" Ca-'. Ilo Ycmm.. Srw% (IFj of 17--7WP (lsTINI ISO *AW Am i S .E NRI4 *

FWw L Tom, Ymb4LfrwgL (r,)el 1T.m ad (m")a319 )*Ia lt Teaa-t

ragwl 9.. Tcmi Ca- . Tes. TwA Sci.@ 9 IF,,) of Iamh.'* S. (144.. %#1a Tma-Aa m9a 3wl

m L~axt T.miw-rmin . . 66 ....

,Trv11 -:, 9a. et Cmi. ) ad hi T eqe Fm*A3%0,ftSS~~ (.7 ~ wm
lev rc .7 .Pm ..w~. . . . . . . . . . . . Wi.. . 0

r.1 .m. 91. D.&.- ., m (t T64- AMi- h'jr, of: Ai- Stalpktt lib"I 156boves Hem T t *)

1790 in 11 at -hvld. . . . .00

Fiw 6 Tems3 liw.q Str.g) &.VL Ska9S .. 1" (SeuB" (814y4a tM"m TVOW TIF

m 0a 94~ 0 saL -a- mgt . . . . . .

40



r c ' .r

UST Or ILLUSTRATK

IFaq.* glsq C.. -*C fr Tensile Ilre (r.)o AM-1110 Sta-tl., Ste-! (Soeatt Heat 7t.aiod

Fa 9- 0. TeiIl T,#IJ Sit-Ith (IF,7 of AUd-11. Stakslos Sitte! (Solwlion Meet Treated at 1750 F)

.4 Te-r la DileArsoKiuaed Tempepratuare . ..

ricire Ilk w igsC Iv* - Tnsie YeldSaracti(,) AM SO amae teel oable - HemTra"..4) ....

T'ar W Tie Stent (r")o A)" Seamless Site' (Doble A 4) latad Tperatr . . 4i

1'4rr r K~wen arvefor7esile ktrtg~bift) o AM- -l taut Steele. a (Dle A :.dl

&I L1-Al~edTempratur. . . ...na . . . . . . . . . . . . lit

Nr- 114. Tiroat. SiodNtwi~a (C) T )~ A1o bANieeA Sisl ul. ADoea A#" L.i Evt. mperatu re.. i

Fa'.ei 11.. Totask Mulust (f*).' Aid-ISO Stawke.. See.! atub ge) a T lepedur I..rtt.. i

Fmge0If D*a C.,sic te Sar Sitreogck (F.)of &iW-ISO Stainless Srel at LIctated Tempevalture its*

Wqr t. Canaweesew. Yilaed Saeagib IF,,).d AMd.S0 Stata.Ie.s Sual at Elevated Temprature .... 'I.

rw.* IOs& Dwsf. cura for c.yaprt,,,e Tw s" sob (r, ) of Aid 35Q 5tUamiea StlleW

so Eleated Telaat . . .......... .5. . . 01

i.g-e IP. reased. Module (E) of AM-)Sk a..hobs Steel at Lbevate4 Ttapeart ... . 0

IFwar Ilk. fesaa; Sre -Srain Curvs. tar AM-WS SI&&oteas SaeaI "i Itoe Temperatue &14..

l'W. w I 11. Ysr..a Se.rastam Carves for &MSC Saina.as Steelt Rosinso amEileid Temerabtr I&.

* ragairw 112- s;oonpriasiw Modulus (L,) of AM-iS S&. jlr's Steel at Elevated Tetnineratar . ..... 1

FIgueMF 4;) t. esitre SLtrees-%ra Coxrwe for AN-350 Steal...s Steel at Reom &AA~

ICI-J.ai Tirm-rarea. . *

fag." 1;4. Efet o1 Aocalvif at 1700 F sod 37S5 F on Lhe Tesa. al a-t. Carv. af AM-30e 7
Sc..4ak s t Ual at Ille Temaperature eadaa!Property) ......... . . U A

N r V5 Li:e.t .1 Aoaiaha at 1700 F. 1750 F. tied 1140C F. orI Me Tens-it Strc&9.44r&&a Carewt of AM-35L

$dti-imse Sgeel at Room I enapersiera ATransuwrae Proiutrty) ............ li

Fe wi . . ti~ri of Anarairg at 1700 F. ilSO F. 1600 F, and 19U0 F, Subarro Coo!ftj, and TeanperTWa- the
* Ta-eel. ~-Ssr~snCars of AM-350 S4-1c ca S,.rot.4 Rao Tempre~tue (La.-s4aLS

Proe rty) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IS

r 1 .,.r I A-. WEec t o . tagm. f...Saert Coatoe. uAd Terapweag -ath. Tensile Sara.-vt 0 C vd 8 w-

AUd-3Sa Saaa aa1s. Steel at known. Tiwqrroi.e tTraaevws Property)...... .. ................

Fqwe if&. iftitct aW Asueasiq at 1700 r. 175 F. 3800 r, and 1900 F A.Ii Coolieti.esuid Douible Agm iss thi

Twovoc 74res-Scrin rA.gyw of AM-4- 51,.. i t Rpar, Tvir~leraoTes (LAroicedt

Pr . _

~ -js-.~* 2.



LIST OF ILuX"TtAPO

...... Sar...-Saa.A C.arw. ad AM-ISO Sc&.m4**% Iei.. .. , Les Tevap..aoawr (Traoa~m.

F~t ~ . L rTT .t Ai..g . .~ . .7 . . .w .9 . . .~ m .. aJ -OIL

Fig-.. £Ib. LL'vt 0. A.£4al.e 01 1704 ft thbe C4Pw..st- 5a~-'ri CorwvSt AM-ISO 3c.4"4609 Steel

Knvc of L~I Awmwl's. at 1740 F on 46. C.....rs.. Sim.-&L.m C._- .1 AU-iSO Sts..I... Uvwl

r , A..... T*-*4' tTv£.a.?* PWp.,tel) . . .. .. .. .. . . M

I~- L-5-1.. .1 A...a..4. S..b..t. Cool..4. &-d T.-. on tu L~r ,.G Stress-ur&~ Cuer..

w4 sU- s'.ws.a 54.,- at Itle Trumpam.ze (La~use .61 Pvwpwrij) .. . . . . 7'.'

%g-q. I LA. , t qza.ak'mqhv.. C'I..'.a. and Ta-'"'Ag so Lbe4 (._.Eesa.w 3aress-Stam Cur..v
4d A.- l 5tS4-htS 5t."1 at Its.-' Temerte" (T I asa...s P op..tyj 137

Fst 4L~q,.1 ad A.44at IT"C F *j 17S3 1,.Ad Sa"rd D-5-.1- - b. e Comtpwes.t.. res.-

S.-C..aS ed AU.-11, Sia-wasa Steel ut Roc= ,Lma11da Propery) - .- 4

F 445t JZS_ L &- A.Lt.4 t4 1700 Vad tIISO r-d M.AmrF flssic AgtSQ wahb Comupv...mvq Sress- a.

54 6 Car-* e~ AU.PO U,~a~4 e1 &A Room. 'r-qperat- tT....wvr. P.,o-urty). 3

fqvr. 1±4.. Tw&j 3r*%gt 1.1,,) ad 11-4Mi S63pIess ciw*1 a4 TEbw .rm r............... 143

fV- ,17. tt-&. 4 Ca,. kor T.-sika 34rrcgti (F,~. d £i;-4P1 s-a~-ave. ot Eiw-asad Tempravw.... 4

F...r.~~ of8 1.... 7..h b..k(l tIPH StsioIr, * Stow]4 at gcvd lemperegate ...... 141%*

F.rm- . Z~i C~r"e fac Tea.,). TwId Morw*tl. l,)ai i1-4.PH Sc Stew& *4L..a Leee

Fm... 1± Cper.t. a Se4h F 1 )t374 .. .w .4 L. . . .Y.f. . . . . . . 145

Fq-c I3£ IA .r C t.. ~ ~ .. fied Sar. (f, of1 7.4P4 Smusle SUMAl

sm Liwourd .r~~ . . . ..14.. .. 4.. .

0 Fle I NI, sbr ibre~er (Fasl 4f A-41'i* Sbaalds Saa- a& I'...Lad Tcuepbra w . . . .147

F iu a £31. Zosg C'.i-. for Stwal Strw.gWb jfa c4 17-4PH Sbak..rsaw: Lt Lwed Tenspfvhre 1441

* Iq. I 34. Dw-%-. Cs or fle) .1 ltya- PSI r. ±4*I~a 574wI SLAk. deq p4M IC.......................SO

F q.,e I~ w e, T..Id Sitv.wb (r of)a 17.4PH 1 awalces Sacel at Eir-mbed Tteprsae

lFge.. 1;-. ~ ~. I.r b,*arke T..id r~or Vwy) ad 17-41FS kaaeo Steel M4

*~ ~ ~ ~ ~ ~ 1" of Lloe 3.WetS Lps"tiKW. T-p 4 erusw -a sIt ftwcT"qpe. T...I. ats.gth LFrt.

of I7.ApI 34.sLa.£. Si1* . . . . . . I . . . . . . 1

rqseeIn £59 aa Mo6.. (L) of 1'I-4P4 51"1.. Ma Forlsog L-ewmd la~wn ue .................. 4

F4"w, 54. IL.. Stmil-ira.. C.'... A- 17-4P" Sua...ss -5bo F..w.£4s Ros Yrewpatre

Aps 1 f.....d Temteqw . .. ... ... .. .. .. . . . . . If F~g. 141.CAmmpw-v.. Mw.I.Iaa jg) of 17-4P4 Staumals Sitta F=rgm 4 e3.Mted Tempersatre . . t9

0~~n-%p AXA MMS M%§~ -

tI_ _A

~. - .. - ---- * - ---



N. 465-

1W _4 M

LIST 0r ILLUSTILATOPS

tfrL" .-.a e. . . . . . . . . .E'A

Figur 1. No-g Cmr..r Gio Twsol CarWk (S., o 11-101 4.. Stw~.j u.~so (Atat e) asIniO~
F tr..r. -. .5 .

r.uv 14.Tej. Tt Mg s.d Fa ' v ) adb~ 14JD S. 31. Seee~e (A ae 4) a es ilvaaoue4

F.&i.,. '47. Tqgile St.."M (e ad 19-DL eales Steelr. 14.3 (A41-11) 1 "ud Te'prat . . . 16

at [Isievaed Y..mupe.awo . . . . . . . . . .

Vig~ro 14:0. Tosohe 10"I I7,) .4a (F- ad 19-IDL. SLe. oo d tee (Cod K)l &A Vowtiet d Tmp ree . .

&I-r.)C LiD e.PT~oe .~ C.. .4 . .... ....l .s.t .r). l9I L~ee . i. (.d . . . . .. .

&Iir .41 ...) ..q .4.rs .%). . .1D . .. .. .Cl .old .z Z. . . Tm. . .. . . 15~- K .
riguLr. IS'J. D.,gs Carst tw 1,.'.tle *T..m crlu Fj f 1 l9-L Sa I... keel (H (Lod& Reitd) vle

o~~.I,) .. s,4 r.p ez ( ) . . D~. . . . . . . .Ho .ole .~ . g~* . . . . . . .

.. ~ .ea. .. .u.~r .hO. . .
*l&g.re i"'. Ttemi Tast wra tr. ad 19-IDL MReI...s Steel (list Rol..t aaM 111tr.. flwied)

7&g .i4 Not#%i C-a in e le.&) Tiold cosigth (ry~) of 19-9OL St.).,. 1144. (KwE Lo0Ad sai Otranto

I'.gvr. M9. Itmail. Sesacgh (Jr adsAOL Semess.. Steel (Hot rorged) &I Lowatd T.iprsft . .. 4

IF Sure IS&. No.q- Carrew Lar -e3t hreg (rt) of 139-9DL S~taa~as S... (Has Totged) @4.2

ttLr 91 eust). .r-zqwrzcze l. ~. . a. . .. .44 (H . .I)a.vl . . .. . . . . . i

Figuro 398. Do 8r, Curv e Tqesile Srv-ogU 13*F) of 39-I0$. SUtaless Steel (Hot 3.a11.4

Figure o IS... osaS--- jFc.) cd 19-9DL. !.~~v Steel (Hot rolled) at Zievated Tainajraaw . .. 6

racure iio. Desai car..t Lw -raease.. otesstg ('*,) of it.tDL at~eis sceei (owa RoundM)

7 9
#.re 161. 

7
vas.,* T..W kt-tigtb (T,) .4 19-9L~t Stemless, $coal (Hot Rolled) at £3..asd Tsaprec.o .31

F.r. I1. Dosapt h -a ee;(F &AcToo 39.Drkegt hF,)o 99D tmesSeel (Hoting Rou..Ld .p..nd).........1
at Elava~ad Tem.......... .. .. .. .. .. .. .. .. . .. . . . . ... . . . .

Frigrr 164. DNc,. ro . L ta T.e..d., Sentah (Jr.) of 19.IDL 54*,i * ka.I (Foeg".) .. ~ .

st rL, ,*, Tt rszvwr . . . . .

Ill .> 7- .k -O ell - ........................



.. . . . .~ . .- . . .. . . . . -.. . a..... .

.__ .~. .. . . . . .

FK ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ % I-t'a~mCswL T&m4r.f 1,).1106LSanesSo~ HOC.dWcL

S~~~~~~~ .~i .~7 .ca. . .~. .'~. . . . .Sa.. .H. ..~ . .t~a . . . ..t . . . S

. . . . . . . .

F'ir~? 259. I ru..la A, b4a,..-'(4 F AdJ) 19.L-a%: t,,ex t'. Ua&MS!1i Lwsor Stv*.a~ -A .a"Wm l11

6 igni, 17'. TDrsu; Ca,- Sr- -:. I .e~r~*- i- s o ar~ Po. 29-iV of PAM- qmtrW aN1 8

stsm f4 14p-u. ,Z4 JLAk* 54-& ivlo amadm .. . to

r .c.rv m7. Dw.'sr cSmvw i zams.4* yw.4. ttawa*.. 8...I 19.-9"C U...M ~wd .a. Uf.,*

Fa~~~~~.r,~~~ . . .w. .a~. .~a .m . .t~e4 .T~ .. .9D .a a ..e .W .-b . . .

F.~~e IL ?u,,,, ~ . .-~ . . . .. .t* 4. .. . . .aq4 . . . . . . .

V'Agm. 1 74. the.fe Cie.. Apr. Can.... r T-e stvut i(.iD y tI. ). ab a too-*=
.s .~.~ . . . . . . .-

F'Wr 217%. Ita...a wd5mw (t F,) .i-VJ (Ai- -IiW St-mttsa Slaw
2 

O Zb6 IGMV!CdJ .? ew . . *

1 o~a-re 16?. 1,.. Is. C-- F%,,iod .49D J~C 19b AS4M a~). mt kiA

- ~ ~ ~ ~ ~ ~ cQ Aw . ..~ .7* ..ak .taj .'j .942 .AL 6 . . .. .. . .4. . . . .. . . . . 9

P8Pt187. boaig CTwig Sowooftd (F,, of ,. 19-FOX jA)tr 95~l) Usma~o ee Sb"A tAX~vj biTm"
L)Am A- kAmra Sawt-AV Tis t*W, f1.

* r4



%L

* __ ____ _ - - . .~.. _ _ _ _ _ _ __11

-1 - A . I

Tw.% Votz .. ,

r 1.. W4. ..ea .~ .r~ .1 .~~l .&~ii~ . ..t . ..~a. .. . . . . '

rq... Is-. Tri-.-... Tu It Stvj t.F *..a of a SkA.ia # 60 SIM &ID4 VAMIt .*. * - *..*

_~v 11 *.s"m I*.-*.sWi , ar. d sPr aeofSov-oipraa om am

r 4 .~~ ~ 1~ ~ ~ j~) t" at4O S~wagvd~i T4,1#0P r -

rv ' * T-wmve.. T w 3k*qt (r ,, a d 4 . ~a.A)ACS-is" Sevi~ Skoo Jm:2 ?.h 9 a.,g . .

. . . . .r. . . ...... . . s

F, I, Bsy 'qjle SirCrh~~ ,s:I of 1Saz.PO tA. U.1 ie StoolJ. (M-!)a~r~ Cte-w ld- . - W J

r,..r : a D -a : 1. y r w, .5 arvwb 4 (A . - ) Sium.. 19 e -1 OxwU (Aqr -VS SS .1am-bO

a. Lavoa± Tsraerav . .

r.u , -"71. Twomaki Strwmgft I Fl) of A-Z.*. ALb" a Zbew.Zqd i q atwe .-are

. . . . . . . . .

lrffC CS. Z.5uti at EWI.d TMI vuu, (Vear ofn At41 .2b v-i Abrhyw Tenqw'. .

.jw- tf*. ~ Ca r " Gas, (C) &b .2 vi A-2N Li. ( Fy ) ofA*Lv.iaftk4 at Sm.fAW ml - . *21reda

lq~r. V.- E.E&c o Clwwo a C..'...mmi far ofisn UWMWO L. .jpm G dA-0 . . ..

__rvo Z__ 1~c adte.4dTmemura ~i~a aw()e - t. . .. . . . . . . -a

Frpm £1. Toasmb b eos.Ir (E of ig~. A-f,, L-~ urWW kw.Iin ruis a. 1,nt ,w n .

r~r a& c .4mas 5Rso a " .. r-V foi urh 1A-wZ t Fgl ) .1Shoes . us1j.aad ~ .** k

F.., . m1 L s . a mmale Tob treg tFa .~ amWq (Tr, )0 w 1 bs l -X 4 A K.Ie4k I .ummsi

-. mr 90 TkvftuXan .-ad .w St wqtb (. = akMF A&Cr ''a I OTo

MromMI L~v1o temSM otm ws.WIa kr mor "%g4~a af b., via I X-64Lbu

-7 -I



- V%~%V ~' Z

%

FOM*IM 006#4%. CUr.. $Of CW...stk UW ..1 (Ft Of q 1100MR brin SIR . 3.frau* Twta@"-

lFg4Uv Ii. olla4 Carve car Saar.4 Tie (resoa (e 0(.. b-z -w Leat Yvafst s . . - -b

ir, n... csw#gso Yboi stwri Tial r..i9 bcom -X md Isss..u TV= *%r4are ~~

rq.g, i Ar"?"7).** tbeb so.a krsgb(w,. me~u be aslo L~ad A ww .lr d2001 xI4 I M v r

ZI.7 Pq D..s CAr.. I" Shkar~o hrogth (FJ a bw*1Q -,Jr Lh4a We Tea . . .. . .

Ffo t 211. tea k.*V (Fm) ol bb...& -X- a, tlwaad ?Tome~uw o#mm

n~jpr :I l. Doo. arv O.w Mr .. i r.j .1 b. 1--.L..

- . ga~ x-- at r T~zrmw .E .. ..

frigur* 2M~ Xtfict of LI.'AWd Tromp..aiari a U.. Mt~slas ad Ra" (G) cI bc- X'

fi,rt~ U& gl~rcIt 4C.aftuJ la- ,pwraaaa so Pos'* Xmmsa..) hw hcow -XI ?~

Fjw 121 ?...slo *a Coeaprvetv-v. HauhI JIC aa Kc) at bK~Z -X- A glewcoad Twomo

8Wugses IM6 TaaesI. Ures-&u.. Car.. fee bwrm.I7 w ao m ma. Lwr.N4 Tow.aI'm*o ..

)s*. -t1l. C~Aw'.pu..el. Sr..s6am Cars.. 6a br...I mX a Am god Kiobm f..aoaoo . .

i'Wmvc Z W TOaqale -AS..&taias fasw I" a c~a! -W- at ktm Tan"..rammov*

Jrag,. Ilu.al. oo vaakentb (r,,) ad kSa&LW.. 'V Alla" &I La.ud Teuaqmin,....... .. . . ........ .. .

FrqgPv *37. D)IA~ CUZ,.. 6" lg*AwI. &wtS~ (r,.) ad hr..).. -w- Au"1 go usmm Taw#*psia Al

fage". IM) ra.. TeaM Aremoh (rly) .d 3.awIs -IF ALbay adi3....d .~~as .* .

rig"*. *34 Doa W4- Curve SOr T.-afl&R Uisth (Fy,) md Wassig,. -W- Ajoa Ikmd lovapIeW& . .

Isr.re k)l. Caro f r111.'.atd Towprazuwanfts'a &w sq) of... 3*r awshe.br -W-b &*W .8

Fagur.~~~ .34 ..u& .441. .Ea .S.. .. .. . . .fl. .a ...?. .in..

Fa.. 134. loa.'. lu,....Straaa Carvw fa, idem)... VU Albay at m Tmpormre lL%#Ggodui
prwqyry) .. ..

Fagare1) *.* .a.I .r.~ a C.. I.. km. a . ia . ~ . . . . . . . . -. .

rag.,.~~ .3. .a.j. ... .k.S r~ Cr . .r. . . .. . .la .a . . y.I . . .. . . .

f~qmxr !41 COmhPA-19 'a Teague 21vlhoIb I7,*) at paftk.-- ce. -au WW ur i210. a Arn Fhw0kd

*p 5640 ft j

2.a



UST Of !LUST.IO.

par .

jr.4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~, Q-*O~~do dTo tal , a rI o WMV u 9a

7e~~~~tp~~~v,&x*7*~~~~ ~ . .

Tur' 24. C. .. aem .5 Tbs~a. 54*wvC4j (rba) adSttae Pi 1 as&i-~ib Lar ad S*=pwI&w .-

rig.. Z~..C4..p.&a~o -4C...pr.i'e V.bd Sr~qbt ~ e*e , .,- AXVy

T~geu 4L C'... . T...k.~.~bA r~).4 A~i~ kmi~s SIM Lh'e...dT.~.Jo

Niger. 244 Ceevya... .43w.S*.~ r~ 1m.b ei. ~. ~.a4T~a.. *L

* *1A **pop"



%. %*

MAT LRlALS- PROPERTY-DESAGN CRITERIA FOR MLETALAS .*.

PAR ~.TH COVETIONA ~O.-TIUE, ELEVATED- .

TEMr'LRATURE PROPERTlZS Or SELECTED STAINL ESS
STEELS &XD SUPER ALLOYS

INTRODUCTION

The difetzr strength propeTLues aL taterials for airframe ad missile
fabrication pre~ernted in the ANC-5 (Air Force -Navy -Civil) Balletin,

*'rength of Metal Aircraft Elemewnts"_ As the needs of designers in these
fields cry stailixe, revision* of the Soayer. are req'ured to introdoce new
.information into the Bulletirn or revise current infocrmation as more reliable
dat. become availab.c. The Purpose Of this invest-igation has been, broadly,
to stuiy vartoos aspects pertinent to desiqrn criteria as suggested ib, the Mda-

* terials LAaratory of Wright Air Developm-ent Center and to present the re-
* sults of surzh studies it. a format co--sLstett ivith the prest ANC-5 Baletat

for posisible consideration by the ANC-5 Pane&L.

L it ehould be emphasiaed that the reco.-nnezaded design-c m'ws inc1a~m
b erein ar* not necessarily idezt:&c~l :o any which will ultinmalely aper in
ANXC-S. U se of any data appearing here in is therefore subject to ap, roral i* I by the cognitiant procuring or certificating agea",

I This report represents, the filth I*patt in this series. The four pre-
qrosreports are:*6(1) WADC TR 55-150, Pa-rt 1, -Uateriats-Property-Desiga

* I Criteria for Metals; Pat I" (Jaaaaz. 1156).j

(Z) WADC TRt 55-150, Part 2, 'Materia-ls -Prope rty-De sign
Criteria for Metals; Pan 2, A Stwly of Methods of P-re-
senft irig Creep Data for A~rframe Design", by W. S. Hyler
and H. J. Grover (July, 1955).

13) WADC TR 55-150, Part 3, 'Miate rials -Property -Deign
Criteria for Metals; Pant 3, Fatigue Eva-luatirc.. Mag-
nesiumr Alloys", by W. S. Hyler and F. H. Lyos
(June. 1956).

(4) WADC TR S5-150, Part 4, -Materials-Froperty-Desiga

*Criteria for Metals; Part 4, Elastic Modt-Ii: Their Deter'-
* * winal*on and Limits of Applictaion", by S. A. Gordook

R. Simnoa, and W. P. Achba h (Aggagmt, 1956).

i~torauw am WMw L IN% for anaM msa AM 7v? e Ip

WADC TRS-IZO Pt 5
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The purpose of this pretznt study is te. cnimpile and preem 4&an_ *.~-.--

the conventional short-time, elevated-terrperature propcrties of a nmbiter . ~r.~
of stainless steels and het- rcs stant alloys which are of curtoat i±te rest ____

between data contained in this report and data found in tke currezi AUNC-5
Bulletin. If such discrepancies are noted, the ANC-S values of strezgtk axe
to be used.

As a result of mutual agreement b-etween representatves od t* Ma
terials Laboratory of Wright Air Develop-ent Center and of Battelle
Memorial Institute, the following commercial alloys are includee in this
report of 3ta-tless steelsi and heat-resistant alloys: (1) ALS! 301 (bail hard
arid full hard), (2) 422M, (3) 17- JVI-I (TM 1050 and TH- 950), (4) A-M-350,
(5) 17-tPH, (6) 19-9DL, (7) 19=9DX, (8) A-286, (9) Incovel ""v. and
(10) Stamnless 1'W". It was intended that data be presented on AISI 420

* stainless steel; however, no perunent data were found available for this
material. A brief discuss'nn of each alloy is found in thc separate sectca

* of this report.

Foi. convenience, design curves frorn each of the specific mas~ezial

sections are summa-ized at the end of the report. Appendix a cositailas 54oMe .

mrate rial-comrparis on curves. -

The authors wish to acknowledge the materials producers, airframe *.*.a

* manufacturers, universities, research laboratories, and Crernmze
agencies liste-d below without 'uibose assistance this investigatian Would z".'~~

have been possible. A Bibliography is inicluded iAppendixEL

Allegberiy Ludlum Steel Corporation Southern Reseurch Institute
A rmco Steel Corporation Titanium Metallurgical Laberazory
Babcock and Wilcox Tube Company (Battelle)
Carpenter Steel Company University of California
Crucible Steel Company of America Cornell Aeronautical Laboratory -

Haynes Stelite Company Johns Hopkins Applied Pbywics
lnt,!rnztionsl Nickel Company Laboratory

*Republic Steel Corporatiou University of Michigan Researrb
Timnken Roller Bearing Company Foundation

* United St~at.e Steel Corporation Syracuse University
Universal Cyclops Steel Corporation U. S. Department of Coummerce .*. .-

Vanadium-Alloys Steel Company (Aircraft Structures Branich)
Boeing Air-plane Company U. S. Department of Comtmerce.

*Chance Vought Aircralt, Inc. (Materials Branch)
Douglas Aircraft, Inc. National Advisury CounMit ca

*General Electric Company Aeronautics
* Glenz L. Martui Company National Bureau od Stawdards

North American Avaation, Inc. Wright A-r Dev.elop~meu C-mter

Armour Research F~unJaticin (Ma~erials Laboraln) ...

*WADC TR 55-150Pt5 S
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METHOD OF APPROACH %

As indicated in the "LatroductioiW. a Large nuimber of sources were
ctz12acted in assembALng the data from which the study vas hated. These
imcluded material produ.e rs, uni.e rsitie s, research laboratories, Governa-
tcneri1 agencies# &zed the apeD litersaturt.

Ttie properties of inte rest included tensile, compressive, skear, and m
bearxn& strengths. Assessment of these proper-ties as a function of tempers-
ture, exmosure time, strain rate# etc.. was tnade, consistent with avail-
ablr data, For a amniber of alloys, considerable information was available
on zayof these orooerties; in othtr cases only a few properties had bets
e%--uted- Thus, thiere developed in soake cases large aPs wLich can be
tai~e-1a care of otay ty- careful expertraczutal prograns.

The iaczt several subsections relate in detail the approaches uaqed in
anal-fzing the large body of data. It should be poited out that the goal was
to provide toxisez--attwe wdesjgn" zurves of a fc-.-. Iurreratly used in AJ4C-9.

* For alloys ir., 'l%-ang conside rable data irom a Dumber of sources, procedures
were adopted to account for difitrences irk the data to prepare such deuign
clarves. Discussion of trends observed in the design curves was beyond thm

Each aloy is considered in a major section of the report. This is.
cludes a brief descr-4t~on of the alloys and usual beat treatments, varims
graphs shownj the relaionihips betweez rnecbianical properties and tem-
perature, stres~trzin curves, etc. A fin..l major section contains the
reconxzended design curaestor the entire grour of alloys.

In a number of cases rechaixical properties were available froam
specitmeas sectioned transverse and longitudinal to the major working
direction,. in these cases both sets of properties were treated separately.
lu the following se-c~iozis, curves tteabrag transve rse properties are so
indicated in the graph&.,

The stamtdard stribctuas aymbol used throughout this report are: .**

VFin Ultimate tensile str*@*

ry Tensile yield stress -

* F~~3~ Coiaressive yield asres.***

ram Ulbtmte skear stweas"4,

INA.DC ra SS-15O Pt S
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ft Wk 4kAk
Fbru~~~~~4 VliaebaigsrsBeamIDMt weC Itits

kai K~u Ulmat poundzgste uressc :

G Modulus of rliity i eso. vrg ai fsrs

toisron' beo r tapra .7 77

EcModulus of elasticity in ceopei; average ratio of rs
atgeto strain below p rpartion .li mit.

Treatment of Strength Properties Ft., r~

Fc-~y, Fsiu, Fbru, and Fbr~y

Data From One Source JW- AW 4W-

When data showing the eftect of temperature (for any unique conidition) .-

on any of the above strength properties were available from only one source, .~ - . . .

no analysis was necessary. The data were presented in two wais. In the ... . . . .

first presentation the actual sl~ress value -Es plotted against temperature; N* .'...

in Cie second, the stress value as % percentage of the roon.-ternperature
property was plotted against t~emperature. frhis second curve is in such
format as to be reodil), inserted in the~ ANC-5 Bulletin on "Strength of Meba
Aircraft Elements".,

Data From Mcre Thon One Source

(Ftu). The actual stress ialues for this strcng~h property are plotted
on ont graph against temperature for all sources of data. A second graph . '; --..- .*.~ .

was prepared showinR all the data from all sources plotted as a percentage *-:.*.,

of room-temperature ultimatt tensile strength. against temperature. ThisN
second graph also shows the oesign curv'e that had been apprizimated from -*.

the dataL. A final third graph was prepared showing only the orcomncded
design curve in such format as to be readily inserted in the ANC-S Bulletin. .......

WADC TR 555OPt 5 4
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(F~ 7 '1 snj~ ar4 FbY).The actma stress value* for thes*.
propertacs wer* ploced agamtau temperature as for Ftu.. A workiaa curve

mnate tcsde sttezith (F1t) for the corresponding %t3,tratzr. (tbese war" .%Za %
relawhicha or wast least ta realstiis estc trend tolhinat a app pt Value

betwee the rncc!ncal property and uitemperanture.s bte ~ru~e, prpet

conservative estmrale was utilized ir devtlapisd desiv' curves.

Treatzoerz of Modulus of Elasticity (E and Ej)-

anc Process)

Generial

T he exlelasjye cain obta.ined for this study provided, in general, can- * . '

siderable va iation in modulus of tlasticity and in the shapes of stress-strain-
curves -., var-ious rmaiez-ials. The degree of Icatter in rrodulus of elasticity *..-...*..* '

is izdicatedforone maxeral inFigurc 1. To permit analyses of all the data
for consistency. the folloaz steps were takew %

(1) Determ~ine the 'soptinunf Iodulas of elasticity-
temperature relaaship,

(Z) Adjust the stress-strtin curves to Uxt thke aptienua
modulus Uo~z eac-h paxt~cuLar tcnwqerataaae.

Decerrmina-oa cd the optiriur modiulus of tlastmity-ternperature reda-
tionsbhip was achi.eved by the method ad polynomial regression (readily
adaptable to IBM coznp-raion). This systemr provides (a) a mnet!%d of
a-pp ruximating Lb- arxirirmng relationship of vnariables by means of a
polynomial equato Of time' -

72 a I 1X C
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4P -, P'

e. d. ' ,t V

CO,~ **,-, .-u are the contan coficet to~ be catima

Y,~in h the d atade indiate is warae modso lst sia pei. * ..

Iete frwa s of pair-ed a oberaionsa of ft or a most f* eac an

degree would &pprzxitazat all the data for the variouas moaterials and can-
ditions:

(a) Y a +bX and

(b) T a -tbX +cX 2 .

Figure Z shows a curve approxxiated by this method and also &bow* V

the data from which the curve was derive~d.

* The value thus determined for the modulus of elasticity at any givenI

*temperature was called the "o fimizedO value. Stress-strain ecrves for
thmose materials and conditions for which an optir ,zed modulus has been
determined %vere adjusted so that the modulus agreed with the optimized Y.

qvalue. The exception to th1is was that whenever th, . C-5 Balletin z*-
ported a room- t crpe rature mbodulas, this valum was auted in prele tence to

* any other. I
Mathemnatical Details of Optimmizatioe

Of Modulus Data

The 4ffect of temperature on the =odulus of elasticity cam be repre-
sented by the equan

a a + bX

whe is the temperature and

* y ist the, modulas -cf elasticity. ..
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The into easep t I' i appoxbimeated 7 X iwher wds a a

the ciat e see prome Figuren3 thatefi e omposued of the segmenb oft: t
Y^)rssan dye equa ntion- is the dvainfo regression cofxtntadmthmtc is (*

wherie d atheatcll dvasirfo h enXadY

Y - dI-

Using the relatitm Y a Y + I+ dy- x wWd ZY - 1+ It + dyx, squaring boh
sides results in

my Y xy + YAY-ZZ

the three product termns being sero.

The least-squares curve con be fatted to the data such that Zdy-3tZ is

a rminium and ey-- equals zero. Standard methods of analysis were... .

Xdyix
utilized in determining bow well the derived curve atted the data.
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AISI 301 STAINLESS STEEL
(QQ-S-o6Z, FS 301) \ f

(MIL-S-S059, Camp 301, halt and full. hard)

i,1SI 301 is an austenitic atainleas steel which has the siominalt coen,
position shown in Table 1. ~~

TABLE 1. NOMINAL CHEMICAL % $*~~

LOMPOSITION OF 6

AISI 301 STAINLEFSS---
STEEL (QQ-S-682,
FS 301)

Weight
Zleinent Per Cent

Carbon 0.12
Chromium 17.00

Iron Balance

the ).aff-)iarv and Lull-hard tempers are given in Table 2-

TABLE 2. MINIMUM REPRESENTATIVE MECHANICAL -. '

PROPERTIE.S OF. AISI 301 STAINLLS'3S STEEL
(QQ-S. 662, FS 301)

Half Hard Full Hard
(.4MS.5516C (AMS - 5 1C

P rope rty 1/2 Hard) Ha"d

PUltimnate teniiule (Ft 1 ) 1S0, 000 psi I as5,000 psi
*Tensile yield (Fty) 110, 000 Pat 140, 000 psi

ELorigation (e) in Z inches
Thickness 0.01S inch and under 15 per cent 4 per cent-
Thicftess over 0, 015 inch IS per celt 9 per ceft

Hardnems 32 RC 41 RC

Thrtme conditions, halt hard and full hard, are establisbed by the

tniler'm aresptivh , t i his cast is 150,000 psi mirimurn and 135,000 Psi ,.

or WA.OC TR 55-150 Pt 5 1
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(3) eahrig , poervtie,-igetnp 14atiardfm ar t19 af-a~ ul

(4) Sbensi propertes Figures 40 thxough 411,ad3

(S) CAmpresi' froetis, Figures thrugh 3

(6) Stress-strain curves, Figures 23 through 29. and 31 through 3S

For 301 halt hsrd, data are znrager for compressive and shear p'rop- . ., .

ert..ess; for 301 full hard only tensile proprtics are available.
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4-,-,m srAIN LESS STEEL -\

The MilI 400 sertes stainless steels, as & Ileeral rule, eahi-
strenigth properties oaxained by heat treatment tMnE te .-- Ad^F-- wz-'-
ernbrtttlement occurs. A mowdification ot the A.LSI 4)0 type resulted in theI I~err&itic 4ZZ grae, 'mhich h~ss proven suitable fLL- service aroimd 13M0 F. A ,.

further improvement resulted int & modified 422, ahich is similar is 'hasac ,

teristics to 42.7 but possesses appreciably better elevated-teaiiperature -Vt -

Ite ngth. The noinal chemical compa~ition of 4Z22 is guiv pit Table 3.

TABLE 3. NOMINAL CHIEMICAL
COMPW.TIsrON or '

422161STALNIXS

Eltment Per Cent

Carbon 0.28

*Silicon 02
Nickel 0.ZO

Tungsten .7
Mol~denuzs~ Z.Z4- -..

Iron Balance

Alloy 42ZZ.t is referred to as a ferritic grade aithOUg'A it iS he~
treatable. A tv-pical heat treatment (such as austexuiz.ng at 2000 F, oil .

qiien.hing, and tempering at 1200 F foir 2 hours) results in a inicrostrctaem
of tempered rnartensite plizs about 10 per cent ferrite. The iiaruizisz of the **

steel after this heat treatment is about Rockwell C 38. Tjpical shxort-time, . *.*..-...-

%elevated-temperarure properties of 422M are shown in Uhe foU*o*ing cox~:.*

Tensile proeries, Figures 43 through 46 . .*-

Stress-strain curves, Figures 47 through 57 -'

For 4ZZM, data are completely lacking for cornFressive, bearing, and
shear strengths, ard mnodulus o( tlasticity and stress-strain cur-ves at__________
elevated tcznperazsres.. .>*..

N.

!t ~ AD'z rR S S- IS PtS S2
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Conditia TH 104-

C£eitzo TH ' 05 Lz deveoped in steps f-eCm~itioc A mAu the w _4%%*
Condiuom 1. The strel is first solziom i stale-d w 1950A F sas F for 3
minutes per eaca ;,.. i Lhch of tihickness. Tkis trwa&z-emut dnves the cliroauin
carbides LLL* solution =z the aistenate, tkhs sta QL*zj the iiustenite agotsZ
rnartetisat sraasfor=)4Lam and efiect~vely c4epresses the _Ms teinperaLxire.
This brsr.4s the steel zoConidition A. Tboe steel as tbA= treated at 1400 F-
*25 F for 40 z=inites utuch results in Cockiaio T. The steel is naw com-
ditioned so t~bhat st.fficie= austeziite transfornama can be obtined at 40 F
on cooling. k~ mally, Coodit.Lon TH 1050 is attai-ed by precipitatios harica-;M
ins at 105-3 F.

Condatias TH 95S- --

Cocition TH 950 is developed in tie sayme mway. c-pt that the finAl
precipitaia bat ena.mj takes place at 954 F. .-

.juoe L-soot-time, elevated-tenp-zratu. e properties of 17-7PNI &we
*s howga in the folio'uing cavwe s: --. ~-.

(1) 1 z-risile properties, Figures %! throngb t3 and 86 tb~rough 89 *~

(2) C owressive prooerts., Figures 64 mad CS

(3) Bearimg properties, figures -,.o throegha tQ*,

(4) Sbear prcperties, Figures 70Oand-#

(5) 1bxludLL cd elasticity, Figares 74a78. an -

(6) Stress-scrain curves. Figuares 73 tlro4 h -a* 79 throtigh 83, and 5.

Design properties of 17-7PH (TH 1050) are fairly well tstablishtd, but
only les.Lie Propettikes are available for 1J-7PH (TH 950)_
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AM 10STAINLESS STLEEL *~

AM-350 is a preci aation-hardenable stainless steel having the
nominal composition V'~ou in Table 6.

-rAbLE 6. NOWNJAL CAEMICAL ::

Cc3MP(.)SITION OF
AM- 3 SO STAL'
STEEL

Weight
Element Per Cent

Carbon 0.05
Manganese 0.60
Silicon 8.40 .

Chromium 17.00
Nickel 4.10o
Molybdenum 2.7S
Iron Balance .

As annealed, AM-350 is austeritic and, like other austenitic stainles. ..

stee~ls, is soft and ductile in this condition. The conposition has been co&_ 0' Wk
troliedJ so that the martensite transformaLicn teamperature is below 3Z Fr im
above -80 F. Hardening is accomplished by Pdrelp f-reezing" the annealed

alioy to -.100 i' (i.e., below the M, temiperature, which allows the austente- -...-
Martensite transformation to proceed), followed by tempering tbe martessiic
structure at about 750 F. It is pointed ouAt that at 750 F no precipitation~ ..

occurs but that the desired &trength properties are obtained from the tea-
perig of the martensite. A doublt-aging treatment is a second heat- %%-..

treating method.

Annealing temperature has a noticeable effect an the properties ob-
tained after aging; 1750 F is the optimum annealumg temperature for tim 1:

"deep-freeze and temper"' treatment, while 1950 F is preferred iorth
"double-age" he&& treatment.

The short-time, elevated-temperature properties of AMA-350 are
shown. in the following curves:

(1) Tensile properties, Figures 90 through 93. 95 through 98, and - -

100 through 103.

(2) Modulus of elasticity. Figures 94. 9". 104, 10". and IIZ. *.,,J 5

(3) Sheor properties, Figures 105i wa 10k...
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1~-4P STAI tESS0 .0E

17-4H hs a o~.oc tat as een ermd a levre%

ba~~~~~~anc~~~~~~~~"' Ai I 3 1. I eftsc iic p is i o u st b e th1i ra s o m

17-4PH ishan a Tablez"o ththsbe7.reda'eeeyub

balancqkc~~~~~~~~~~~~n ~ Aj.S 301 Th..tntcpas ss ntbe mi rnfr

toT~rtnsTe ABE 7.0 NOtLaL30F po oln CHEMICA CM Ojt1Cnn en

17-OP is4P showLnS STEELl T

E1.4 nent Per Ceig

Chromium 16i.50
Nickel 4.00
Zopper 4.00
Colitmbiuna (sio3ium; o tatau 0.3S%
Carbon, mnaxmum 0.i . -i %
I ron balance

The short-time, elevasted-temperatuxe properties of 1. -4PH are
showm in the following carwes;

(1) Tensile prvperties, Figures 1Z6 through 119 and 138

(2) Cormpressive properties, figures 130 and 131

(3) Shear properties, Figures 13Z and 133

E4) bearing properties, Figurea 134 through 137

(S) Mfdulas of elastiiy, Figue. 139 and 141

(6i) Stress-stran curves, Figures 140 and 142

Data are available on 17-4PH for &.li surveyed strength proerties.

r
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114-4M~ A=Z.T

Alloy lI'-10L -. a crcumiumi-mckel ALlOy that LS a Predowanumy
atastenacic 2-rtse The typical chtfr.%C&l cOufyo6itim is F've i

TABLLE 4. TYPICAL. C)*F.MCAL COMt-
POSI TIOK Of 19.-9ZL HEA&T.-
RESISTANT JALLOY WX5L 7

SbB AMS-5SZIA)

Per c~k.:C...

Caron3

Silicon0 GSS
Nackel 9.0 %

C.alurnbium + tantalum 0-40

I ra BaLmom

TLe al1cr 19rnDL is usually Used is L~ axrae or strssrei

*condition at temerarnres below apprazinmately I1(0 F. For service above

aprroxixately 13-00 F, the &Uo-y is *teuioi treatedan a~Uptd.. Othez c-
d~jtionz are use!f. f~r numerouas aplictioL-s. Table 9 gwS. *m m

mechanical Dropertzes of 19-9DL alte~ soluion beat trea a IWO50 F *Z5 T .

TABLE 9, SINIMUM MRECRkANGA.L PROPLfTIE C - *

19-90L ALLOY (AM .SZ&B.'

* Property

Ultimate ICLSile (FtuJ 95, 000- 120, 0" P
Teusile ield (Fty) 4S, 000 psij Im in
ELjrL== (e) in Z inches 30 per rc.= ___________

Table 10 gives thpe ingmovn vwechanical properties ad ill-90D after
stress relievunS a. 120v F ZS~ T, and air cooling.

WADC T hR SS..............S ISO



TABLE 10. MINIM UM MECHANICAL PROPERTIES O1F4
19-90L ALLOY (AMS-SS27A)*%*, . .

Property

Ultimate tenisile I.F 1 .) 12 5, 000 psi (rninimurm) ~ '.';..

Tensile yield (Vty) 90, 000 psi (minimwmz)
Elongation (e) in 2 inches 1Z per cent (mninimuam)

The short-time, elevated-temperature properties of l9_9DL are ---

shows in the following curves:

(1) Te~nsile properties, Figures 141 through 176.

Althoigh the effect of maz~y conditions anid beat treatments on the tes- ~ *-

sile strength of 19-9DL has been inv~estigated, no information is available
on otber desipn properties.

WADC~~~ TR 55 15 PtS
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i9-9DX ALLOT
(AMkS-SSiaj (AMS-5539) ~

The 19.9bX alloy was devieloped in 1950 as a columbium-free vtrsion
of 19-9131 because of the scarcity o! columkitumi at that time. It was found
that if the colurnbiumn were eliminated in favor of somewhat higher titaniium.*.
and molybdenum co'ntent, an alloy reaulted which had equivalent properties
at & lower strategic index. The typical cheical compoisitiori of 19-9DX is
Xidzi in Table It.

TABLE I1- TYPICAL CHEMICAL
COM POSITION OF

* 19.9DX HEAT-
RESISTANT ALLOY
(AMS-5538) (AMS-5539)

Weight
Element Per Cent

Carbon 0.30
-Manganese 1. 25
Siicoa 0.55
Nickel 9.00
Chrominum 19.00
tAolybdeum 1. 50 .-

TuAgsten 1.25 p-*~

Ira. Bal ance

The metallurgy of 19.91;X is similar to tha: of 19-QDL- 19-19DX isF.t'
essentially austenitic. Alloy 19-9DX in usually used in the arealed or
stress-relieved condition for temperatures below approximately 1300 F and ~ ..

in the sohitien-treated amd aged condition Above approximately 0300 F..........
Otlher conditicris Lisve iound use in various applications. The minimum -

mechanical properties of 19-9DX in the annealed cosidition are given in
Table 12; properties of 19-9DX in the istress-relieved condition are given
im 7able 13.

TABLE 12. MINIMUM MECHANICAL PROPERTir.s OF,
19_9DX ALLOY (AMS-5536)

Property

Ultimate ten~sile !F1 tU) 95, 000- 120, 000 psi
r nsile Vrield (Fty) 45, 000 psi (minimum)

Elorsgatio-. (e) -In Z' inches M0 per cent (mini- mi)

WADC TR 55-150 .7t 5 9



TABLE 1J. M4INIMUM 'ALC-iA.%ICAkL PRWLP iIS OF~ 4

19-9DX ALLOY(AL-i9

P rope rty

Ultimate tensile (Ftu) 125,000 psi f minrnm)

Tensile yield (Fty) 90. COO psi (iniuiaman)
Elongation (e) irk Z inches 12 per cezrz (mnimumn)

The short-time, elevated-terrperatarre properties of 19-9DX are
* shown in the followinig curves:

(1) Tensile properties, Figures 177 through 162 and 189 through 1I4

(Z) Car-;..ressive properties, Figuxes 18', HP4. !95, and.
t93

(3) Bea-ing properties, Figures 185 throegh 1>6 and 19?
through 197.

Stress-strain curves .bd daao sheazrexmgth ax4 modulus att
lacking for 19-9DX.
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F AW

TABLI:~~- 14 TYPCA CHMIA

A266 ALLOY

TheA-2 E i anauteitaalowih Per benwae t£eat bl

Tangiles 14.3PCL5HMIA

Nickel6 2LLOY

Element Pe C.9..

Vabnadu 0.045

Aluinum 0.95A

* . Croiu 1alanc

Taa roet4& ystionu tr.9in at10-.LUdb ai otm

shet),adfirall ginm at 0.520 -iiuntieo 2hoxs

Fine A-Z86iw i t auseittinardeao ha eelp I. ph

The sL rt-time, elevated-temnperature properties of A-266 are shown
in the followiag curves:

(1) Tea.sile properties, Figures 201 through 204

* (2) Modulu~s of elasticity, Figures 205 amd 107

(3) Paisscams rat-io, Figure lob

(4) Stress-wamn curves, Figure Z04

No cc uprrsoivr, sbear, or beariml duAa wret arziile ax& A-286. *'.-.

WAD- -R 5515O4 220
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INCOXEL PwX .

(ktLL-N-778t) (AJA.S-554ZD)
~ ~ .A .J,

Inconel "XII is a wrought nicktl-ba..e alloy uhicb is highly resistant to
chemcal corrosion and oridation. AddoitIas of titazu-Irn and Aluminum ren-
der the alloy age-hardeniablc. The limiting chemical compoui*;.c.n of
Incor-el OX" is given in Taiple I.

TABLE 15. CHEMICAL COMPOSITION OF
INCONEL -Y- (lLIL.N-7784) .,-;

(AMS.554WJ)

Weighl

Nickel& mi- num 70.0

*Chromnium 14-16
Iran 5- .7

Columnbium *tantalum .71.
Aluminum0.10
Silicon, osziziurn 0.5

Manganese 0.3-1-0~'*

*Copper, maximum z

*Carbon, nmausa00

Two typical conditions for hot-rolled Inconel "WO are summarized
below.

Fully Hecat-Treated Hot-Rdlled Rods

(a; Solution treated at 2100 F for 4 hours anid air- cooled

(b) Aged at 1550 F ior 24 houirs and nix cooled

(c) Aged at 1300 F for 20 hours and air coole&.-

Typical room-temperature properties for Uxis condition are shown

*WADCTR 55- 150 t S Z29
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TABLE 16. TYPICAL ROOM-TEMPEBRATURE
PRAGIPEIR TIES OF FULLY HEAT-
TREATED HOT-RO"LED

IJNCONEL I"X3

Property

Ulttmate tensile (gJ162, 000 psi

Tensile yield (Fty) 92, 0C0 psi '- .

Elongat iona (e) in Z inches 24 per ice-nt
Reduction in area 30 per cent

Hot Rolled and Aged, Not (.

Su'lution Treated

(a, Aged at 1300 F for 20 hours.

Zr.czI room- tempe rature properties for this Condition are show=
in Table 1.

TAB-1E 17. TYPICAL ROOM-TEMPERATURE
VAOPERTES OF HOT-ROI-LED
AND AGED INCONEL wXw

Property

Ultimate tensile (Ftu) 184. 000 psi
Tensile yield (Fty) 132, 000 psi

* Elongation (e) its 2 inches 24 per cenut
Reduction in area 37 per cen

Nti: A-il bigb-Lu peztum bc-At ueAUng nAbe daI a Mfle-
irc at AI-

Minimum mnechanical properties of Iacozacl "X aw specified in AMS-
5542D are given ini Table 18.

TABLE 18. MINIMUM MECHANICAL
PROPERTXE.S OF

INCONEL uX
(AMS. 554W)

Property

Ultimate tensile (Ftu s ,00 J

Tensile yield (Fty) -10 0 s

V-nat n(P) in2 inches 40 per cen I

WADC TR 55-150 Pi 5 230



% A

TIC short-timne elevated-temnperature properties of Inconel "X amt e
shown in the fcowl carve:

(1) Tens. it* p~roperties. Fig-ires 209 th-caglh Z15

(2) Cornpressiv* prcperties, figures 216 ad 217

(3) Bearing propert~es, Figures 211* through 220

(4) Shear properties, Fakures 221I throughi 'LZ4

(S) Modulus of elasticity, Figures 225 and Z27

(6) PoissWm' s ratio, Figare 22

* (7) Stress-strain cuzres Figures ZZB through 230

Data are awaila~c cr- Incoact, "X for alH surveyed properties. .

S.D T*S-5 P 3
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STAWIX.!S OWsALLOT n ~n.

Stairless 'IWO is a ferritic-tjype stainless steel. Because of additions
of titanium and aluminum, the steel re.;ponds to a precipitation-bardenina
heat treatment for increased strength and hardniess. 1-he nominal compo-

aition of Stainless "W" is shownt in. Table 19.

TABLE 19. NOMINAL CHEMICAL
COMPOSITION OF
S1 AINLX.SS NW"
ALLOY -

Weighl
Element Per Cent ' .

Carbon 0.07 e

Manganese 0.50
Silicon 5
Nickel 7.00
Chromium 17.00
Titanium 0.70 -

Alumnum 0.ZO 0n

I ron Llzc

Heat-treating procedures are sunmmarized as follows: (1) to solution .

anneal, air cool from temnperature~s within the range of 1200 to 2000 F ~ .

(usuz-lly 1850 to 1950 F for 15 to 30 minutes); (2) to precipitation harden, A
beat to a ternperature of 800 to 1200 F and water quench or air cool. Ulti-

mate tnecl-.anical properties depend on holding time a-nd temperature of

precipitationi hardening. Water quenchiag from the aging temperature pro-
duces bigher strength properties.

The short-time, elevated-temperature properties of Stainless wW

are shown in the following curves; .in.n

(1) Tensile properties, Figures 231 through 234.

(2) Potssor' ratio, Figure Z235. '

(3) Modulus of elasticity, Figure 236.

J4) Stress-strain curves, Figures 2137 through 240.

Shear, bearing, and compressive properties ad stres-traini curves
at elevated temperature itre lackinig for Stainless "Wu alloy.

WADC TR 55-150 Pt 5 Z54
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APPENDIXE I ~%

MATERIAL COMPARSON CURVES

For cohyrnience, the following curves have been plotted to show the-
rAlastave gtreilts of the variotis alloys discussed in this report.

Fiau re 24 1. ( tmparisoa of Tevisile Strengths (Flu) of Stainless
Iijerls and Super Alloys &t Elevated Temperature .... 266 . -

Figure 242. ('tmvpsr%.on of Tensile Strenigths (FtI) of Precipitation %.* ~ . ,.-

Harctrnable Stainless Steess at Elevated Temperature .. 267 .~*-

Figure 243. C~cmipariton of Tensile Strengths 1,Ftu) of AM-3S0 A.. ~2 -I
$jttnlrss Steel at Elevated Temperature............268

F-igure Z44. (>umnparison of Tensile Strenpt! ~tu) of 19-9DLSLai--
I~tos Steel at Elevated Ter, erature................269 .. :

Figurc 245. C%4iipartor of Compressive Yield Strengths (F 7 ) of "Wow
StIitdess Steel* and Super Altnys at Elevated

1cttp. ..................... 270 ~ ~ A~:..*~-~ '

Fgr24.Coaiarison of Be~ring Strengths (Fbr)o ti~e

Sirvis at Elevated Temperature......................27

Figure 247. Coimp)ar.%on of Shear Strengths k(fs,) of Stainless Steel@ ....
at Klevsted Temperature.........................72 -'
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